ABSTRACT Background: In Mexico, stunting and anemia have declined but are still high in some regions and subpopulations, whereas overweight and obesity have increased at alarming rates in all age and socioeconomic groups. Objective: The objective was to describe the coexistence of stunting, anemia, and overweight and obesity at the national, household, and individual levels. Design: We estimated national prevalences of and trends for stunting, anemia, and overweight and obesity in children ,5 y and in school-aged children (5-11 y) and anemia and overweight and obesity in women aged 20-49 y by using the National Health and Nutrition Surveys conducted in 1988Surveys conducted in , 1999Surveys conducted in , 2006Surveys conducted in , and 2012. With the use of the most recent data (2012), the double burden of malnutrition at the household level was estimated and defined as the coexistence of stunting in children ,5 y and overweight or obesity in the mother. At the individual level, double burden was defined as concurrent stunting and overweight and obesity in children aged 5-11 y and concurrent anemia and overweight or obesity in children aged 5-11 y and in women. We also tested if the coexistence of the conditions corresponded to expected values, under the assumption of independent distributions of each condition. Results: At the household level, the prevalence of concurrent stunting in children ,5 y and overweight and obesity in mothers was 8.4%; at the individual level, prevalences were 1% for stunting and overweight or obesity and 2.9% for anemia and overweight or obesity in children aged 5-11 y and 7.6% for anemia and overweight or obesity in women. At the household and individual levels in children aged 5-11 y, prevalences of double burden were significantly lower than expected, whereas anemia and the prevalence of overweight or obesity in women were not different from that expected. Conclusions: Although some prevalences of double burden were lower than expected, assuming independent distributions of the 2 conditions, the coexistence of stunting, overweight or obesity, and anemia at the national, household, and intraindividual levels in Mexico calls for policies and programs to prevent the 3 conditions. Am J Clin Nutr
INTRODUCTION
Undernutrition has declined, whereas excess body weight is increasing globally. Stunting in children aged ,5 y has decreased by 35% globally, and wasting has declined by 11% during the past 2 decades (1). The obesity epidemic, which started in most high-income countries in the 1970s and 1980s, has extended to many lower-middle-income countries. By 2008, an estimated 1.96 billion adults and 170 million children aged ,18 y globally were overweight or obese (2) . In high-income countries, undernutrition is no longer a public health problem and thus obesity is the major concern. However, in several lower-middle-income countries, including most Latin American countries, relatively high prevalences of undernutrition and excess body weight coexist and thus the double burden of undernutrition and obesity are of public health concern (3) .
Mexico has experienced a nutrition transition characterized by a decrease in the prevalence of different forms of undernutrition (4) and anemia (5) in children aged ,5 y, whereas excess body weight (overweight/obesity) has increased in all age groups (6, 7) . Despite the decline of stunting and anemia in the past 25 y, both conditions are still high in some regions and subpopulations, whereas obesity is widespread; therefore, undernutrition and obesity coexist in the Mexican population. Although deficiencies and conditions of excess comprising the double burden of malnutrition might seem opposite to one another, they share environmental conditions and behaviors and can co-occur at the household and individual level (8) .
National programs and policies such as the Human Development Program "Oportunidades" (9) , a subsidized milk distribution program (Liconsa) (10) , and recently, the National Crusade against Hunger (11) have or are attempting to address undernutrition and food insecurity. On the other hand, other strategies such as the National Agreement for Obesity Prevention [Acuerdo Nacional para la Salud Alimentaria (ANSA)] (12, 13) statutory regulations designed to secure the availability and accessibility of healthy foods and safe water and to reduce access to unhealthy foods such as sugar-sweetened beverages (SSBs) in Mexican schools; the National Strategy to Prevent and Control Overweight, Obesity, and Diabetes; and taxation of SSBs and unhealthy foods have been implemented or will be applied to tackle the obesity epidemic (14) (15) (16) . However, it is not clear to what extent these programs integrate actions to tackle the double burden. This article presents an overview of the coexistence of undernutrition (stunting and anemia) and excess body weight (overweight or obesity) at the national, household, and intraindividual levels in Mexico over a 24-y period to ascertain the degree to which nutrition programs and policies in Mexico include the double burden as part of their scope and objectives.
SUBJECTS AND METHODS

Subjects
We analyzed anthropometric and hemoglobin data in preschool-aged children (,5 y), school-aged children (5-11 y), and females of reproductive age (12-49 y) from 1988, 1999, 2006 , and 2012 nationally representative nutrition surveys. The sample size of the surveys ranged from 13,000 to 49,000 households. A detailed description of the sampling and the data collection methods are presented elsewhere (17) (18) (19) (20) (21) (22) .
A multistage, random, cluster-sampling procedure was used to draw the sample from each survey. All surveys were representative at the national and regional level; the 1999 survey was also representative for rural and urban areas, whereas the 2006 and 2012 surveys were, in addition, representative at the state level. Weight and height outliers were defined for children at 5 SDs above or below the reference mean. No further data cleaning was conducted on BMI in children. For mothers, BMIs (in kg/m 2 ) ,10 or .58 were used as the lower and upper limits to consider the data valid. At the household level, we excluded mothers with missing BMI data, those who were pregnant or breastfeeding, and women who had no children or no data on their ,5-y-old child. At the individual level, we included school-aged children and woman with complete weight, height, and hemoglobin data.
Study design
By using the 1988, 1999, 2006 , and 2012 nationally representative nutrition surveys, we estimated the magnitude of and trends for stunting, anemia, and excess body weight in preschoolaged (,5 y), school-aged children (5-11 y), and women (20-49 y). To estimate the double burden of malnutrition at the household and intraindividual levels, we used data from the 2012 National Health and Nutrition Survey [Encuesta Nacional de Salud y Nutrición (ENSANUT) 2012] only. At the household level, we estimated the prevalence of double burden, defined as the coexistence of a stunted child (,5 y) and an overweight or obese mother. At the individual level, the concurrent prevalences of stunting and excess body weight within individuals were assessed in school-aged children ("intraindividual concurrent stunting and excess weight"), and the concurrent prevalences of anemia and excess body weight ("intraindividual concurrent anemia and excess weight") were estimated in school-aged children and girls and women of reproductive age.
We defined stunting, wasting, and underweight by using ,2 z scores as the cutoff for each indicator: length-or height-for-age, weight-for-length or -height, and weight-for-age, respectively, for each age (mo) and sex in children aged ,5 y (23). BMI, calculated by dividing the weight (kg) by the square of height (m 2 ), was used as the indicator for excess body weight (overweight/obesity) and was defined according to WHO 2006 and 2007 references (23) by using weight-for-height z score (.2 SDs #3) for overweight and (.3 SDs) for obesity in children aged ,5 y, BMI-for-age z score (.1 SD #2) for overweight and (.2 SDs) for obesity for children and adolescents aged 5-19 y, and BMI (.25 and , 30) for overweight and ($30) for obesity in adults aged .20 y. Anemia was defined with the use of the sex and age WHO cutoffs, adjusting for altitude over sea level, by using the Cohen and Haas equation (24) .
Statistical analysis
At the national level, we estimated prevalences and 95% CIs for stunting (in children ,5 y), anemia (in school-aged children and women), and excess body weight for children (birth to age 11 y) by sex and for females of reproductive age (12-49 y). Trends were evaluated statistically by using chi-square tests for trend.
At the household level, we calculated the expected prevalence of stunting in ,5-y-old children and overweight or obesity in their mothers by multiplying the prevalence of overweight or obese mothers by the prevalence of stunted preschool-aged children and dividing the product by 100.
We then estimated the expected prevalence of stunting and excess body weight in school-aged children and of anemia and excess body weight in both school-aged children and reproductive-age females. Expected prevalences were also estimated as explained previously for the household-level double burden.
We compared the expected prevalence with the observed prevalence of double burden conditions at the household and individual levels to determine whether the coexistence of undernutrition and obesity is larger than what would be expected solely on the basis of the prevalences of each separate condition in the population (25) . Prevalences and 95% CIs were estimated and compared by using a chi-square test from which P values were obtained. All analyses were adjusted for the complex sample design by using the "SVY" module of Stata 12 (StataCorp).
RESULTS
The sample sizes for the analysis of trends at the national level are provided in the legend for Figure 1 . For national prevalences in 2012, the sample sizes were as follows: 10,658 preschoolaged children, 16,351 school-aged children, 13,992 adolescents, and 37,580 adults aged $20 y. For the household-level analysis of double burden, we included 4777 households in which anthropometric data were available for both mothers and children aged ,5 y.
For the analysis of double burden at the intraindividual level, a total of 11,638 children and adolescents (,20 y), 12,734 women aged 20-49 y, and 12,758 adults .60 y had plausible hemoglobin data. Of these, 13,679 children aged 5-11 y and 17,925 girls and women aged 12-49 y had anthropometric and anemia data. The sample sizes for the actual analysis were as follows-school-aged children: the coexistence of stunting and excess body weight, n = 16,351, and the coexistence of anemia and excess body weight, n = 13,679; women: the coexistence of anemia and overweight or obesity, n = 17,925.
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A steady and significant decline in the prevalence of stunting, underweight, and anemia in the past 25 y accompanied by a consistent increase in the prevalence of overweight and obesity in all studied age groups are shown in Figure 1 . In preschool-aged children, decreases of 49.4% from 1988 to 2012 and 26.3% from 1999 to 2012 were observed in the prevalences of stunting and anemia, respectively, which amounted to a 2%/y decline in both conditions. In contrast, an increase of 47.5% from 1988 to 2012 in the combined prevalence of overweight and obesity was found. Similar trends were found in school-aged children for stunting, anemia, and overweight or obesity. In women (20-49 y), the increase in overweight and obesity from 1988 to 2012 was 104% (4.3%/y), obesity increased by 270% (11%/y) in the same period of time, whereas the prevalence of anemia in females aged 12-49 y decreased by 46% from 2006 to 2012 (3.6%/y). All trends were significant (P-trend , 0.01).
Prevalences using the ENSANUT 2012 data were 13.6% for stunting, 23.3% for anemia, and 9.0% for overweight in children aged ,5 y. Prevalences in school-aged children were 6.9%, 10.1%, and 34.4% for stunting, anemia, and overweight or obesity, respectively, and 10.1% and 34.9% for anemia and overweight or obesity in adolescents. Sex differences in the prevalences of children and adolescents were small.
In adults aged $20 y, high prevalences of overweight and obesity were observed, with large differences between age categories, as follows: 64.4%, 81.5%, and 70.2% for those aged 20-39 y, 40-59 y, and $60 y, respectively. Females had higher prevalences of obesity, whereas males had higher prevalences of overweight across age groups. We also found anemia in 11.9% and 16.2% of the 20-49-y and the 40-59-y groups, respectively, and in 16.5% of adults (both sexes) aged $60 y (Table 1) . Less than 2.0% of adolescents and women were thin (data not shown).
At the household level, we found that in 64% of the households mothers were overweight or obese, and in 14.2% of the households children ,5 y were stunted. In 8.4% of the households we found the coexistence of an overweight or obese mother with a stunted child ,5 y. This proportion of households with the double burden is lower than expected (9.1%; P = 0.039), assuming independence of the proportions of households with overweight or obese mothers and with stunted children ( Table  2) . Stratified analysis at the regional level showed that in the urban south region of the country, the coexistence of stunting in children ,5 y and excess body weight in their mothers was observed in 13.4% of households (data not shown). This proportion was lower than expected (15.5%), assuming independence of the occurrence of each condition.
At the individual level, in school-aged children, we found that 34.4% were overweight or obese and 7.0% were stunted. The double burden of overweight/obesity and stunting was found in 1.0% of these children, which was lower than expected (2.3%; P , 0.001), assuming independence in the prevalences of each condition. Also in school-aged children, prevalences of 34.1% for overweight/obesity and 9.9% for anemia were found. The prevalence of the double burden was 2.9%, which was also lower than expected assuming independence in the prevalences of each condition (3.4%; P , 0.001). At the individual level in females aged 12-49 y we found that 61.7% were overweight or obese and 11.6% were anemic. The double burden of anemia and overweight or obesity was present in 7.6%, higher than expected assuming independent distributions of each condition (7.2%; P = 0.03). We analyzed separately the double burden of obesity and anemia ( Table 2 ). The coexistence of both conditions was 3.4%, which was not different (P = 0.893) than the expected value assuming independent distributions of each condition (3.3%). 
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DISCUSSION
We documented a nutritional transition in Mexico during the past quarter of a century, characterized by the decline in undernutrition and anemia and the increase in excess body weight in all studied age groups. As shown in the latest national survey (2012), Mexico faces the double burden of high prevalences of overweight/obesity (33-82% across age groups) with the persistence of moderate to low prevalences of anemia (12-23%) and stunting (w14%). In .8% of the households a stunted child coexists with her overweight or obese mother. We also documented the double burden in the same individual: .7% of women are both anemic and overweight or obese. The coexistence of the double burden in school-aged children is much lower: 1% and 2.9% for overweight/obesity with stunting or with anemia, respectively.
The prevalences of the double burden at the household level and at the intraindividual level in school-aged children were lower than expected, whereas those in women were larger than what would be expected assuming independence of the distributions of each nutrition condition. Although all differences were significant, their relative magnitude was too small in most cases (,15% of the expected prevalence) in terms of public health relevance. In other words, the occurrence of each separate condition (overweight/obesity, stunting, anemia) at the household or individual level does not seem to influence the occurrence of the other conditions, and therefore the coexistence of both malnutrition conditions in the same household or individual appears to be solely the result of the magnitude of the separate prevalences in the population. The only exception was the coexistence of anemia and stunting in school-aged children in whom the difference between the expected and actual prevalence amounted to almost 60% of the expected prevalence. However, contrary to expectations, the expected prevalence was larger than the actual prevalence.
The hypothesis of a larger than expected prevalence of the coexistence of stunting and excess body weight at the household and individual levels arises from evidence that indicates that children who are stunted during the first 2 y of life are more likely to be overweight or obese later in life (26) (27) (28) (29) . On the other hand, the assumption of larger than expected prevalences of anemia and excess body weight is based on findings that low-income groups in Mexico purchase foods of lower cost per calorie than do those from higher income levels and that those low-cost-percalorie foods are also of low nutritional quality, particularly in Undernutrition: weight-for-height, weight-for-age, and height-for-age z scores , 22 SDs are used for children ,5 y; BMI-for-age z scores , 22 SDs are used for children 5-19 y; and BMI (in kg/m 2 ) ,18.5 for was used for those aged $20 y (23).
terms of protein and micronutrient contents (30) . This would result in individuals from low-income households being overweight or obese as a result of the high intakes of cheap calories but also anemic or deficient in micronutrients given the low micronutrient quality of the food. However, our results suggest that the conditions considered (undernutrition, including anemia and excess body weight) are virtually independent, and in one case the actual prevalence was lower than expected. Therefore, our results do not support the hypothesis that the coexistence of undernutrition and excess body weight would be higher than expected under the assumption of independent distribution of the 2 conditions. These results are probably driven by the high prevalence of excess body weight in all age groups studied in comparison with the prevalences of anemia and stunting and by the high prevalences of excess body weight in all socioeconomic groups in Mexico (31) . The exception to this latter statement is the lower prevalence of excess body weight in school-aged children, which probably explains the lower than expected coexistence of excess body weight and stunting (typically occurring in the lower socioeconomic group).
Despite the apparent independence of the occurrence of the conditions that characterize a double burden, the fact that undernutrition (including anemia) coexists with overweight and obesity at the national, household, and intraindividual levels should be recognized and public policies must be designed to address both conditions. Although the coexistence of undernutrition and excess body weight in households and within individuals at the national level was relatively low (1-8.4%), in the southern region the occurrence of both conditions was much higher (13.4%; data not shown), stressing the need to consider the double burden when designing nutrition policies and programs. The southern region is the poorest in the country and has the highest concentration of indigenous and rural areas. This shows the heterogeneity of the double burden, which, in turn, shows the diversity in the prevalences of undernutrition and excess body weight among different regions, urban/rural settings, indigenous and nonindigenous populations, and socioeconomic groups.
The apparent paradox of the coexistence in the same household or even within the same individual of stunting and overweight or obesity may be the result of the confluence of certain factors that participate in the natural history of these conditions. Growth stunting occurs during gestation and the first 2 y of life. Several factors, not necessarily related to food insecurity, play a role in the etiology of stunting, including the high demand for energy and nutrients for rapid growth; small gastric capacity, which necessitates frequent feeding; immaturity of the gastrointestinal system, which poses limitations to types and consistencies of complementary foods from 6 mo on; strong influences of culture and tradition on foods considered "adequate" for young children; and an immature immune system, which leads to infections in unclean environments. All of these factors could produce stunting even in food-secure households in which the intake of unhealthy, highenergy diets may result in excess weight gain in other family members and even in the same child later in life (31) .
In Mexico, a large proportion of poor households have access to enough food to meet their energy requirements, although often their diets are of low quality, such as high-energy-dense foods and SSBs, which are low in micronutrients and fiber. These diets promote weight gain and can be deficient in key micronutrients. In these poor households, a stunted child can coexist with an overweight or obese All P values correspond to a chi-square test comparing expected prevalence with observed prevalence. ENSANUT, Encuesta Nacional de Salud y Nutrición (National Health and Nutrition Survey) (22) . [2] [3] [4] [5] [6] Expected values: 2 9.1%, 3 2.3%, 4 3.4%, 5 7.2%, 6 3.3%.
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mother, who can also be anemic as a result of a high-energy, lowquality diet. A stunted and anemic child may start to gain weight after 2 y of age and can become an overweight and short-for-age schoolaged child (with a history of stunting) who also may be anemic. The coexistence of anemia and overweight/obesity may be explained by factors other than high-energy, low-micronutrient (particularly iron) diets, including increased iron requirements or impaired iron absorption in overweight or obese individuals. Inflammation in overweight or obese individuals may play a role through its regulation of hepcidin, which is higher in obese individuals and linked to subclinical inflammation, which may reduce iron absorption (32) . In addition, inflammation may result in iron sequestration from reticuloendothelial macrophages due to the inhibition of the expression of ferroportin (32) .
Cepeda-Lopez et al (33) examined the association between iron status and BMI in women of reproductive age in Mexico. In this cross-sectional study, obese women were more likely to have iron deficiency after adjustment for age, rural or urban residence, geographic region, parity, and iron intake (OR: 1.92; 95% CI: 1.23, 3.01); and serum iron concentrations had a significant inverse correlation with BMI (r = 20.09, P = 0.003). These results are consistent with our findings of a higher than expected prevalence of coexisting overweight/obesity and anemia in adult woman, assuming independence of the 2 conditions, and were significant. However, the difference between the predicted and actual prevalence of double burden was too small to be considered of public health significance. Moreover, the coexistence of anemia with obesity (BMI .30) in women was not different from the predicted value, assuming independent distributions of the 2 conditions, which is not consistent with the findings from Cepeda-Lopez et al (33) .
The low prevalences of the double burden at the household and intraindividual levels, particularly the coexistence of overweight/ obesity with anemia and stunting, respectively, in school-aged children, may be explained by the advanced stage of the nutrition transition in Mexico. As mentioned before, the prevalences of stunting and anemia have decreased substantially in the past decades and overweight/obesity has increased in this age group, although not as much as in adults; therefore, the expected prevalence of the double burden has decreased.
The presence of the double burden at the national level, and to a lesser extent at household and individual levels, calls for policies and programs to address this double burden. There is evidence that maternal age, formal education, and number of siblings are associated with the concurrent presence of stunting in children ,5 y and overweight/obesity in mothers (34) . On the other hand, in a study conducted in 2003 in rural areas of Mexico, maternal age, maternal height, maternal schooling, perceived social status, number of individuals in the household, and a poor sewage disposal system were associated with greater odds of stunting and the coexistence of stunting and excess weight in preschool-aged children (35) . These results suggest that the double burden at household and individual levels has poverty as a common denominator. Programs and policies aimed at improving height and formal education may have a strong effect in the prevention of the double burden in the long term.
Since 1997, when the Oportunidades program (formerly Progresa) was created, Mexico has developed evidence-based policies for the prevention of undernutrition. Oportunidades is targeted to low-income families, children ,2 y of age, and pregnant and lactating women and provides conditional cash transfers and micronutrient-fortified foods or supplements to all children aged 6-23 mo, to underweight children aged 2-4 y, and to pregnant and lactating women. Evaluations of the nutritional impact of the program have shown a positive effect on growth and a reduction in anemia (9) . In recent years, the program has modified the food supplements distributed to reduce the amounts of calories while maintaining their micronutrient composition to avoid undesirable effects on weight gain. Moreover, the program is in the process of scaling up a strategy based on individual counseling that promotes breastfeeding and healthy complementary feeding and emphasizes the importance of promoting linear growth and avoiding excessive weight gain in preschoolaged children. Other programs such as a fortified milk distribution program (10) and a nutrition program targeted to isolated communities without health and education services have shown positive effects on the nutritional status of children (36) . In addition to the programs aimed at preventing undernutrition, in 2010 the Mexican government implemented a multifaceted and multi-institutional national obesity prevention strategy in the form of an agreement with participation from several stakeholders, including government, civil society, academia, the media, and the food industry. The agreement (12) proposed 10 main action lines based on international recommendations (15) . One of the main results of the agreement were statutory regulations designed to secure the availability and accessibility of healthy foods and safe water and to reduce access to unhealthy foods, including the banning of SSBs in Mexican schools (15) . These statutory regulations are in the process of being evaluated.
An initiative of the Mexican legislative branch to tax sodas and high-energy-dense foods was approved and its implementation began in 2014. Estimations of price elasticities show that the demand for soft drinks is responsive to price changes in Mexico: a 10% increase in the price of soft drinks is associated with a decrease in consumption of 10-13%, depending on the data sources used, indicating that taxing soft drinks is likely to reduce their intake (14) . The Mexican federal government has launched a program called "Crusade against Hunger," with major emphasis on a reduction in food insecurity, including plans to strengthen the nutrition component of the program Oportunidades (11) . When it was launched, the program did not take into account the fact that 7 of every 10 adults and 1 of every 3 children are overweight or obese in Mexico, including the lowincome population who is the target of this program. Nonetheless, the program has been slowly including overweight/obesity as a concern. In addition, the president presented the National Strategy to Prevent and Control overweight, obesity, and type 2 diabetes, developed by the Ministry of Health, which will continue to regulate food and beverages in schools and will implement regulations for marketing food to children and for food labels. It remains to be seen whether the current government continues with policies and programs that address the double burden of malnutrition in Mexico. Despite all the advances, there is still the need to integrate nutrition programs around the notion of "healthy eating" and to include the promotion of physical activity during the different phases of the life course.
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